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SIGNIFICANT DEVELOPMENTS IN EUROPEAN
CORN BORER RESEARCH1,2
By T. A. BRINDLEY AND F. F. DICKE
Agricultural Research Service, Corn Borer Investigations,
U. S. Department of Agriculture, Ankeny, Iowa, and
Iowa State University of Science and Technology, Ames, Iowa

Since its identification as an introduced pest in 1917, the European
corn borer, Ostrinia nubilalis (Hilbner), has been investigated under widely
different environmental conditions. During the first decade, the research
was directed largely toward studies on biology and the development of
control measures that were cultural, biological, and mechanical in nature.
The important initial objective was a delay ing action to reduce popula
tions in the infested areas, thereby impeding the spread to the central Corn
Belt. Legislation was enacted making it compulsory for growers to practice
stipulated population-reducing measures. The spread west and south and
the econom ics of harvesting and cultural practices in the large corn acreage
areas resulted in a shift of research emphasis to insecticides, varietal re
sistance, and biological control.
The literature on the European corn borer is extensive. It is not possi
ble in the space available to cite and discuss here the data presented in
the large number of papers that have contributed to the overall knowledge
resulting from research conducted by the many agencies involved.
-

BIOLOGY

The first positive identification of the European corn borer in the
United States was reported by Vinal (148), who reared the species from
sweet corn in the vicinity of Boston, Massachusetts. The taxonomic sta
tus, known world d is tribution, and economic status, particularly in Eu
rope, were discussed by Vinal & Caffrey (149). Since the original de
scription by Hilbner, the synonomy has undergone a series of changes
[Caffrey & Worthley (38)]. A great volume of literature appeared between
1917 and 1960 under the species name Pyrausta nubilalis (Hilbner). In
a revision, Marion (93) placed nubilalis in the genus Ostrinia. This
change has been accepted and adopted in recent literature.
The early studies were concerned mainly with life history and biology
on sweet corn an important crop in the Boston area. Vinal & Caffrey (149)
described the life stages and habits of the larvae and adults. Two genera
tions annually and many host plants were observed. Delayed planting
and disposal of infested crop residues by various means were recognized
1
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as feasible methods for reducing the borer population. On the basis of
methods practiced in Europe, an area-wide "cleanup" campaign was in
stituted in Massachusetts, and quarantines were established to prohibit
movement of infested host material from infested to noninfested areas.
The possible source of entry into the United States was investigated
by Smith (137), who concluded that the most probable carrier was broom
corn from Hungary or Italy between the years 1909 and 1914. Discontinu
ous pockets of infestation were discovered in New York, Ontario, Pennsyl
vania, and Ohio in a few years [ Gibson & McLaine (70); Poos ( 12 5)].
Although broomcorn imported from Europe was thought to be the origi
nal source of the St. Thomas, Ontario infestation, Spencer & Crawford
(138) suggested that the source in the Welland area of Ontario could
have been from transported infested corn. Different points of infestation
along main arteries of rail transportation from the East would support the
point they made. That separate introductions recurred in the Great Lakes
region was supported by observations indicating that only a single gen
eration prevailed annually in this location, as opposed to the multiple
generations in the Eastern States. Because of this difference, the Great
Lakes region became known as the area of the single-generation strain,
and the eastern region as the area of the multiple-generation strain.
Intensive studies on the biology and the relationship of the European

corn borer to its environment have been carried on continuously in the
United States, Canada, Europe, and the Orient [Arbuthnot (2); Bab
cock (4); Bartley & Scott ( 1 1); Caffrey & Worthley (38); Chiang et aZ.
(45); Clark (47); Everett et al. (62); Huber et al. (80); Jarvis (86);
Jones et al. (88); Pesho ( 123); Ritcher (131); Stirrett (140); Thomp
son & Parker (144)].
In the early infestation period, populations and crop damage reached
a peak between 1925 and 1927, particularly in Ontario. The spread west
ward and southward was gradual between 1927 and 1936. In subsequent
years, the movement of the insect, both west and south, was rapid. It
reached the Prairie Provinces of Canada in 1949, and spread to the Rocky
Mountains and Gulf States of Mississippi, Alabama, and Georgia by 1950.
An all-time peak in population, which prevailed over much of the central
Corn Belt, occurred in 1949. The populations leading to this peak in this
area were predominantly bivoltine. Bivoltinism was sharply reduced in
1950, as was the overall population. The population recovered gradually
in subsequent years, with bivoltinism reaching levels of 80 to 90 per cent
toward the latter part of the 1950-60 decade [Beck (16); Bird & Stew
art (30); Jarvis (86); Stirrett (140); Vance (146); Worthley & Caffrey
(153); Wresse1 ( 154)]. A small partial second generation was observed
in the Great Lakes area [Caffrey & Worthley (38); Crawford & Spencer
(52) ]. Fluctuations in annual populations in the New England area were
discussed by Barber (9). He attributed declines in population to such
unfavorable natural factors as low night temperatures, rains, and heavy
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winds. These conditions had an important effect on the population of a
generation and sometimes resulted in a reduced summer pupation and
consequently low population of moths of the second generation.
Little importance was attached to the small amount of bivoltinism
observed in the Great Lakes area. Bottger & Kent (35) reported a bivoltine
tendency in southeastern Michigan. Likewise, Ficht (66) observed a par
tial second generation in northeastern Indiana and pointed out the po
tential of bivoltinism in parts of Indiana. On the basis of weather data
from stations in the United States, in addition to information available
on the effect of climate on the number of generations of the borer occur
ring in Asia and Europe, Arbuthnot (2) charted generation zones in the
United States. He emphasized the presence of strains and the persistence
of single or more-than-one generation strains in zones most favorable for
their multiplication. In a study of strains of the species originating from
Ohio, Michigan, New York, and Connecticut, Arbuthnot (1) concluded
that the material from Connecticut represented a homozygous multigen
eration strain. A homozygous single-generation strain was isolated from
the Ohio material, but a pure multiple-generation strain selection was not
achieved in four generations of line breeding, since diapausing larvae ap
peared in each generation. The genetic factors responsible for the single
generation habit were interpreted to persist as recessive characters.
Voltinism and the factors associated with diapause, which occurs
only in the full-grown larva, have been investigated in a wide range of
environmental conditions. Buligan (36) indicated continued breeding in
the Philippines. However, Viado et al. (147) refer to the species in the
Philippines as Pyrausta salentialis. In field studies in the United States,
Canada, Europe, Asia, and Africa, the larva of Ostrinia l1ubilalis has shown
a genetic mechanism that will permit varying degrees of diapause in sea
sonal generations. Many investigators have concluded that diapause is
closely associated with climatic conditions. Smith (136) observed bi
voltinism in Manitoba, but Hudon (82) did not find it in Quebec. Eden
(61) found 5-, 50-, and lOO-per cent diapausing larvae, respectively, in
the three seasonal generations in Alabama, and Peters et al. (124) re
ported similar results in Missouri. Mutchmore & Beckel (103), rearing
larvae at 65°F, found that diapause increased from 0 to 95 per cent as
the photoperiod increased from 0 to 9.5 to 14 hr of light per day. At 65°F,
the most effective time of exposure for inducing diapause was before the
second day of the final larval instar. Exposure during any single instar
but the last was not effective.
Beck & Hanec (21) investigated diapause under controlled dietary,
photoperiod, and temperature conditions. Three readily discernible char
acteristics were noted; namely, arrested gonadal development, failure to
pupate shortly after cessation of larval feeding, and reduction of oxygen
consumption in mature larvae. At rearing temperatures of 23 to 25°C,
the mean threshold photoperiod was 15.4 hr of light per 24 hr. They did
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not detect a critical growth stage of the larvae for diapause determination.
The importance of voltinism will be further emphasized in connection
with biological and insecticidal control and host-plant resistance.
HOST PLANTS
The European corn borer has been found to attack many species of
plants belonging to widely different families. Corn is recognized as the
preferred host although, in certain European areas, preference has been
shown for other plant species such as hemp, hops, and mugwort. Some
host crops or plant species are not attractive for oviposition to moths of
the first generation or conducive to larval survival. Potatoes are more
likely to be infested by the first generation, whereas grain sorghum, cotton,
and some of the vegetable crops are more susceptible to attack by the sec
ond or third generation when corn is becoming unattractive for oviposi
tion. It has been demonstrated that the species can maintain itself for
two or more generations on some common cornfield weeds. Many species
of weeds present in cornfields become infested through migration of larvae
in more advanced stages of development [Clark (47); Dicke (S5); Hodg
son (77); Huber et al. (80); Karpova (89); Nagy (104); Poos (125);
Takeuchi (141)].
The high attraction to moths of the first generation to early planted,
taller corn, for oviposition, and less larval survival on later planted crops
soon led to recommendation for delayed planting. This practice was par
ticu larly adapted to infestations of a univoltine population and gained
favor in the Great Lakes region [Huber et al. (80)]. However, as a bi
voltine population became established, the later plantings and the late
maturity corn generally carried the higher populations which were largely
of second-generation origin. Another factor against delayed planting in
some areas of the Corn Belt is loss of yield because of summer droughts
and need of a full season to produce and harvest a maximum storable crop
[Chiang & Hodson (41) ; Everett et al. (62)].
A large number of publications have dealt with the various phases of
the general biological relationships between the European corn borer and
its host, most specifically on corn. A knowledge of these relationships
plays an important part in the development and application of popula
tion-management procedures. Vinal & Caffrey (149) described the feed
ing habits of the larvae on corn and other hosts. It is apparent that their
descriptions were based mainly on the location of the larger larvae on or
in plant parts. No difference in injury was found between sweet and field
corn. Considerable i mportance was attached to tassel breakage and poor
pollination, although these injuries were not experimentally demonstrated.
Stage of growth, with height or tassel emergence and silking as indices,
is recognized as important in determining relative plant attractiveness
for oviposition and survival of larvae. Early planted corn which is nor
mally taller and more mature receives more eggs of the first generation on
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a per-plant basis, and supports higher larval populations. The growth stage
of the corn at the time the larvae hatch is important in determining whether
the primary establishment and survival of larvae occur either on the leaves
or on structures of the inflorescences [Beard (15); Caffrey & Worthley
(38); Everly (64); Huber et al. (80); Patch (l09); Turner & Beard
(145)]. Differences in varietal attraction to moths for oviposition have
been recorded by Everly (63) and Turner & Beard (145). A wide range
of attraction in inbred lines, independent of height and maturity, and
transmission of these factors to crosses, has been demonstrated.
Detailed studies on the feeding habits of the larvae during the mor
phological development of the plant have shown that there is a general
pattern of larval establishment on different plant parts. Batchelder (12),
working on insecticidal control with sweet corn varying in maturity and
exposed to the first generation, gave the following succession of larval
locations: interfoliar spaces, immature tassel, florets, ear shoots, leaf sheath,
and ears. In field (dent) corn the general pattern of first-instar larval es
tablishment for the first generation was shown by Dicke (57) and Huber
(79) to be closely associated with moist areas on the rolled whorl leaves.
These authors noted that as the leaves of the plants became exposed and
the larvae advanced in development, the primary feeding point of third
and fourth-instar larvae was connected with the sheath and midrib,
whereas the primary stalk invasion was by the fifth-instar larvae. In a his
tological study of the points of feeding on whorl leaf tissue, Bell (27)
found the young larvae establishing themselves on thin-walled, bulliform
cellular tissue.
For the second generation, which is abroad when field corn is, to a
large extent, in the flowering and ear-development stage, the primary
points of establishment of first-instar larvae are at the ligule and behind
the sheath on pollen accumulations and on the young ear shoots. In this
stage of growth, when the leaves are "grown out" as in early planted
early maturing sweet corn during the first generation period, the "whorl"
leaf blades lose their significance in larval establishment and survival
[Dicke (57)].
The general trend of survival of larvae on whorl-stage corn shows a
high mortality during the first five days after hatching, and a relatively
low mortality thereafter that extends to the full-grown larval stage. Pollen
shedding corn is more desirable for survival of larvae, since the early mor
tality is much lower on this stage than on whorl-stage corn. Because of
higher levels of survival resulting from a second-generation infestation,
stalk breakage and ear dropping become important harvesting problems
[Dicke (57); Patch (110, 113)].
Beck & Apple (19) in further studies, reported that temperature and
photoperiod affected developmental patterns of population samples from
Wisconsin, southern Minnesota, Iowa, southern Ontario, Massachusetts,
Nebraska, northern Kansas, Pennsylvania, and southeastern Missouri. The
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incidence of diapause and rate of larval growth differed significantly
among the several populations.
Yield losses have been investigated in several areas under infestations
resulting from either the first or second generation or both. In conditions
prevailing in much of the Corn Belt, an infestation of the first generation
results in important yield losses. Patch et at. (116, 117) estimated this
loss to occur at about a rate of 3 per cent per mature larva per plant.
Everett et at. (62) reported similar results for Ohio and Minnesota tests,
but somewhat higher losses per larva for Iowa tests.
Losses resulting from infestations of the second generation have gen
erally occurred at a rate of less than 2 per cent on a per-larva per-plant
basis. However, losses in late-planted or late-maturing corn have approxi
mated losses due to larvae of the first generation [Chiang et al. (44);
Everett et al. (62)].
Yield losses in susceptible and resistant hybrids were investigated by
Everett et al. (62), Hibbs et al. (76), and Penny & Dicke (120). Yield
of hybrids resistant to the first generation was substantially more than
that of susceptible hybrids. Similar tests against infestation by the sec
ond generation showed smaller losses in the resistant hybrids but with less
differential than for resistance to the first generation.
POPULATION STATISTICS
Extensive population surveys in the Great Lakes area provided data
for a study 0f sampling methods by Meyers & Patch (102). They em
phasized that randomness in taking samples is essential for obtaining un
biased estimates and concluded that increasing the number of samples
of phases involving successively larger unit areas had a greater effect on
increasing the reliability of the final mean values than like increases in
successively smaller units.
Beall (14), in a statistical study of the heterogeneity of corn borer
popUlations in plots, found that among four frequency distributions one
fitted Neyman Type B, two Neyman Type A, and one the negative bi
nominal. A study of data on complete larval populations on a :7J-acre block
showed that the distribution to describe the population seemed to be the
Poisson binomial [McGuire et al. (99)]. When the information was in
complete and based on a restricted random sample, the appropriate dis
tribution seemed to be the negative binomial for fields with high density
and the Poisson binomial for fields of low density.
Bancroft & Brindley (7) gave illustrations of the use of nested sam
pling designs for estimating the mean and variance of corn borer popula
tions and presented observations on stratified sampling with nested sam
pling.
Methods for artificially initiating infestations and evaluating popula
tions or injury have been developed particularly for varietal resistance,
chemical control, and yield loss studies [Dicke (57); Guthrie et al. (71);
Kwolek & Brindley (91); Patch (111); Patch et al. (113)].
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CONTROL
BIOLOGICAL
Parasites.-It was early realized that one of the factors contributing
to the phenomenal increase of the European corn borer in the United
States was the lack of its native parasites. Work on the parasites of this
insect had been mainly taxonomic in nature prior to the introduction of
the pest into the Western Hemisphere. Careful studies were initiated by
the Bureau of Entomology and Plant Quarantine of the U. S. Depart
ment of Agriculture in 1919 [Cartwright (40); Clark (47); Jones & Caf
frey (87); Thompson & Parker (144)]. As a result of these studies, 24
species of parasites were introduced into the United States; 22 were nU
merous enough to permit colonization and of these the following are known
to have become established: Lydella grisescens Robineau-Desvoidy,
Horogenes punctorius (Roman), Macrocentrus gifuensis Ashmead, Sym
piesis viridula Thomson, Chelonus annulipes WesmaeI, and Phaeogenes
nigridens Wesmael [Baker et aZ. (5)]. These authors also present detailed
information on importations, laboratory-rearing procedures, colonization,
sampling methods, and field status of these parasites through 1940. The
status of releases in several states in the Corn Belt of the United States
has been reported in detail by Arbuthnot & Wright (3); Blickenstaff
et al. (31) i Cory et aZ. (49); Rolston et aZ. (132). These authors gen
erally agree that Lydella grisescens is the most widely established and
effective exotic parasite of the corn borer in the United States. Parasitiza
tion as high as 75 per cent, for example, was recorded in DuPage County,
Illinois, in 1949.
Some question persists as to the exotic status of Lydella grisescens
[Decker (53)]. Decker found Masicera senilis (Meigen) to be the most
valuable of all parasites of Papaipema nebris (Guenee). This parasite was
not released in Iowa until 1944 [Blickenstaff (31)]. Detailed studies by
Beck, reported by Baker et aZ. (5), found M. senilis reported by Decker
(53) to be, in fact, Lydella nigrita (Townsend). In later surveys, York
et aZ. (156) found P. nebris to be parasitized by Lydella grisescens and
no specimens of L. nigrita were recovered. It seems significant that in 1931
the most numerous parasite of P. nebris was L. nigrita, yet in 1955 it was
identified as L. grisescens.
Preda tors Many common insect predators have been listed by au
thors reporting on the biology of the corn borer, but few serious studies
to evaluate the impact of predators on the population have been carried
out. This lack may be due, as Chiang & Holdaway (42) have pointed
out, to the difficulty encountered in direct measurement of predators.
Many predators devour their prey and go away from the area without
leaving a clue to their identity. Indirect evaluation by counting predators
present can lead to erroneous conclusions, since density of predators may
not be proportional to the intensity of their attack. Chiang & Holdaway
(42) proposed an index of predation, based on the difference between
.-
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populations on screened and unscreened corn plants, and found an index
of predation of 0.252.
Conrad (48) found, in a study based on the examination of fecula,
that the spotted lady bird heetle, Coleomegilla maculata (DeGeer) fed
upon 16.5 and 15.3 per cent of the eggs in two fields. McCoy (98) de
terminated that the four-spotted fungus beetle, Glischrochilus quadrisigna
tus quadrisignatus (Say), reduced the population of borers 17 per cent
through direct or indirect attack.
Studies on the value of birds as predators of the corn borer have been
limited, but those that have been reported indicated that birds were
playing an important part in the reduction of hibernating borers [Baker
et al. (5); Barber (8); Caffrey & Worthley (38)]. The impact of predators
on corn borer populations would be a fruitful study in corn borer popula
tion dynamics.
Pathogens.-The early work on the diseases of the European corn
borer is adequately and concisely summarized by Steinhaus (139). In
discussing the early experiments he states, "If we are to judge from the
published accounts of these investigators, certain bacteria are among the
most effective agents known for controlling the corn borer. For some rea
son, which the writer has never been able to ascertain with certainty, these
successful efforts ceased shortly after 1930, and one is left in the dark as
to why the bacterial method of control did not blossom into general use."
The most successful pathogens isolated by these early workers were the
bacterium Bacillus thuringiensis Berliner and the fungi Beauveria bassiana
(Balsamo) Vuillemin and Metarrhizium anisopliae (Metchnikoff) Sorokin.
Metalnikov & Chorine (100) reported that B. thuringiensis applied as an
aqueous suspension reduced the populations on manually infected plants from
50 borers per plant to 1.3 borers per plant. Wallengren & Johansson (152)
concluded that M. anisopliae was the most potent pathogen of the corn borer
and that this fungus caused a death rate of 100 per cent. Bartlett &
Lefebvre (10) tried with inconclusive results to establish the fungus B.
bassiana in nature.
A revival of interest in the control of insects by disease organisms
was stimulated by the appearance of insects resistant to chemical insecti
cides and by an increasing awareness of the hazards of insecticide resi
dues. McConnell & Cutkomp (97) carried on extensive laboratory tests
with B. thuringiensis and demonstrated that mortality increased as the
spore count increased. Field tests, however, were inconclusive and McCon
nel & Cutkomp indicated that this bacterium did not constitute a prac
tical means of control. In field tests conducted in Iowa [York (155)],
Beauveria bassiana caused reductions of 79 to 91 per cent on first-brood
larvae, but was ineffective aKainst the second-brood larvae. Revelo (130)
reported 87.5 per cent control with three applications of a laboratory-cul
tured inoculum. Results of tests conducted in Canada [Hudon (83)] in
dicated that the susceptibility of the corn borer to B. thuringiensis was
rather low and inconsistent, and that a relatively high dosage was required
to give a satisfactory kill
.
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The variable results with these pathogens, although discouraging, in
dicate that additional work on formulations and dosages could lead to
satisfactory control of this insect with microbial agents.
The European corn borer also has been reported to be infected by two
species of Microsporidia. Kotlan (90) found a protozoan infection in larvae
collected in Hungary in 1927, and proposed the name Nosema pyraustae
for the causative organism, Paillot (105) collected larvae in France which
were infected with Microsporidia, which he named Perezia pyraustae.
Steinhaus (139) suggested that N. pyraustae and P. pyraustae were the
same species, Zimmack et al. (157) demonstrated that corn borer moths
infected with this protozoan parasite laid fewer eggs, were shorter lived,
and their progeny survived at a much lower level than did those from un
infected moths. This work suggests that P. pyraustae may be intimately
associated with poor survival and resulting population fluctuations of this
species. Raun (127) and Raun, York & Brooks (128) developed means
of determining infection rates and methods for eliminating microsporidial
infections in laboratory cultures. It should now be possible to evaluate
the role that this parasite plays in the population fluctuations of this in
sect. This parasite has not been grown outside of its host so it has not
been used as a microbial agent. Much has otherwise been accomplished
by workers with microbial agents, but much more remains to be done before
these natural enemies can be used effectively to control the insect.
CHEMICAL

The rapidity of the spread of the corn borer and the severity of its at
tack prompted extensive investigations of the chemical control of the pest
in all infested areas. Extensive tests involving arsenicals, fluosilicates,
and nicotine dusts were initiated more than 35 years ago [Worthley &
Caffrey (153)]. These applications were generally ineffective in protect
ing growing corn from injury. Factors contributing to this situation were
the lack of satisfactory application equipment and of effective insecticide
formulations, the nature of the feeding habits of the larvae, and the ex
tended oviposition period of the pest.
Investigations carried out by Batchelder et al. (13) established that
sprays applied to the whorl leaves of the corn plant during the period in
which eggs of the corn borer were hatching, would reduce infestations
and that certain forms of fixed nicotine applied at this time would give a
degree of control consistent with commercial requirements. A schedule
involving four applications, starting when hatching was first observed,
was found to produce the most effective control. This schedule was fol
lowed by most workers for many years.
Derris was found to be effective when applied in the four-treatment
schedule [Baker & Queste1 (6)]. It was more effective in spray form than
as a dust. Four applications of four pounds per acre of ground derris con
taining 4 per cent rotenone reduced borer populations 91.9 per cent.
Ryanex, an insecticide of plant origin, prepared from Ryania speciosa
Vahl. was tested in 1943 and 1944 [Pepper & Carruth (121)]. A 50 per
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cent dust applied at 40 to 50 pounds per acre on a four-treatment sched
ule reduced borer populations 87 to 94 per cent. The control accomplished
was outstandingly better on the average than control accomplished with
other insecticides. This material gained some acceptance, especially among
corn canners and market-garden growers; but it failed to attain general
commercial acceptance because it proved to be difficult to apply as a spray
formulation.
DDT was first tested against the corn borer in the laboratory in 1944.
[Questel (126)]. The first evaluations showed this insecticide to be as
effective as rotenone in spray formulations. Research data accumulated
rapidly following this initial work. Authors differed on the formulations,
rates, concentrations, and methods of application; but the data generally
indicated that, with the proper timing of a four-treatment schedule, bet
ter than 90 per cent borer control could be accomplished.
Insecticide applications for corn borer control prior to 1947 had been
limited to sweet corn, whereas the interests of seed corn and field corn
growers had been neglected. The interests of these groups differ. Sweet
corn producers strive for 100 per cent borer-free ears, whereas the seed
producer and field-corn grower seek protection against stalk breakage,
dropped ears, and improved quality at a minimum cost. Improved methods
of timing and the effectiveness of DDT enabled Bigger et al. (28) to dem
onstrate the feasibility of controll ing the corn borer on field corn.
Corn borer control on these crops was also improved and simplified by
the development of granular formulations of insecticides and machines to
apply them [Cox et al. (51)]. The corn plant and the feeding habits of
the borer are peculiarly adapted to this type of control. The leaves of the
corn plant form a natural trough that directs the granules deep into the
whorl or the leaf axils of the corn plant where the newly hatched borers
feed. This type of control has largely superseded all other methods on
field corn.
Since the stover and cannery waste from corn are important as feed
to livestock, residues resulting from insecticide applications to corn were of
concern. Decker et al. (54) were among the first to study this problem.
They pointed out that DDT weathers rather rapidly immediately after ap
plication and more slowly therea.fter.
lem in great detail and arrived at similar conclusions. All insecticides rec
ommended for corn borer control have been studied in similar fashion with
the result that these insecticides, if used as recommended, can be applied
without contamination of food or forage. The recommendations resulting
from the accumulated research with insecticides have been effectively
summarized by entomologists in the central Corn Belt of the United States
(85).
With the acceptance of DDT as an insecticide to control the corn
borer, it soon became evident that the most critical aspect of chemical
control was proper timing. Various investigators have attempted to find
foolproof means of determining the proper time to obtain the degree of
control acceptable for the end use of the corn being grown, with a mini-
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mum number of applications. The following criteria have been suggested
or recommended by different workers: (a) 1 100 borer-degree days; (b)
tassel-bud ratio of 30: 50; (c) corn plant extended height of 35 inches;
(d) 50 to 100 accumulated egg masses per 100 plants; (e) 87 per cent
moth emergence; (f) 75 per cent of the plants with leaf-feeding damage;
and (g) first egg hatching. Each criterion has been used with some suc
cess, but also has had its limitations. These procedures were evaluated in
a five-year study on field corn and discussed by Cox & Brindley (50),
and these authors concluded that as a single criterion of determining when
to treat, the one based on 75 per cent leaf feeding was the simplest and
most rapid, and 'as suitable as any of the other criteria.
VARIETAL RESISTANCE

At the time the European corn borer was discovered in the United
States and for some 15 years thereafter, only open-pollinated varieties
were being grown. Although varieties of both field (dent) and sweet corn
were tested and significant differences in infestation were apparent, such
differences resulted primarily from differential oviposition and larval sur
vival on variable growth stages within and between varieties. There is
good evidence that some European varieties possess substantial resistance
to first-generation attack. Roubaud (133) reported this type of resistance
for the variety 'Dent de cheval,' and Horber (78) for the varieties 'Nos
trano dell' isola' and 'Marano.' The development of many inbred lines of
corn and commercial hybrids greatly stimulated search for resistant lines
that might be utilized directly in hybrid combinations or for breeding germ
plasm. The term resistance, as used in this review, refers to antibiosis as
defined by Painter (106). Tolerance most commonly refers to standing
and ear-holding qualities. Several facets of host-plant resistance were in
vestigated as sources of resistance became available, particularly inheri
tance, breeding, and testing methods, and the nature of resistance or toler
ance.
The first systematic breeding to develop resistant inbred lines in which
'Maize Amargo' was used as a source, was reported by Marston (94) and
Marston & Dibble (95). 'Maize Amargo' was crossed with Michigan vari
eties and selections were selfed in subsequent generations.
When the frequency of plant infestation in the Fl and F2 generations
was considered, it was concluded that resistance was recessive and sus
ceptibility dominant. The frequency of plant infestation in F8 families
indicated a 3: 1 Mendelian ratio and a recessive resistance character. Tests
of F4 selections showed a higher level of resistance that! the parent Fa
generation, an indication of continued segregation. Resistant lines of
sweet corn were extracted from crosses of 'Maize Amargo' X sweet corn
varieties by Marston & Mahoney (96).
Extensive cooperative programs were developed during the period
1930-40 by the U. S. Department of Agriculture and many state experi
ment stations. Large numbers of inbred lines and crosses of both field and
sweet corn were tested. In these tests, an infestation of the first or early
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summer generation was simulated. During this decade the open-pollinated
varieties were rapidly replaced by hybrids which were usually crosses be
tween two single crosses, commonly called double crosses. Reports on
these research activities were made by Meyers et al. (101), Patch (108),
Patch et al. (112), Patch & Everly (114, 115), and Schlosberg & Baker
( 134). Inbred lines with substantial resistance to larve1 survival were
found in small numbers. This resistance expressed itself in a high mortal
ity of larvae during the first few days after egg hatch. The prepotency of
transmitting resistance to crosses was investigated simultaneously and it
was determined that heritable qualities were involved. There was a tend
ency for the component inbred lines in hybrids to be ·susceptible, but
a high percentage of inbred lines tested were intermediate in resistance.
Tests of hybrid combinations indicated that multiple factors were in
volved in resistance. Several lines with substantial resistance were agro
nomically acceptable in hybrid combinations. Hybrids with improved re
sistance and tolerance rapidly replaced open pollinated varieties. Promi
nent among inbred lines with improved resistance or tolerance were L317,
R4, 0h40B, Oh07, Oh51, P8, K230, K2Z6, MS285, Wis.CC5, and Hy. Some
of the more agronomically desirable inbreds in commercial hybrids, par
ticularly WF9, Tr, A, I153, CI.l87-Z, IlI.90, A334, A375, Wis.CCZ,
Wis.CC6, and Wis.CC7, were susceptible. Open-pollinated varieties were

the direct source material for most of the inbred lines developed from
1930 to 1940.
The rapid buildup in a two-generation population after 1940 and high
incidence of stalk breakage and ear dropping, resulting from the infesta
tion of the second generation, stimulated emphasis on breeding for
greater tolerance. With different sources of resistance available, special
crosses and synthetic varieties (composites of selected inbred lines) largely
replaced breeding in open-pollinated varieties. Several types of resistance
were recognized which were expressed in differential larval feeding on the
leaf blade, leaf sheath, ear parts, and in the stalk. As a result of different
modes of feeding by the larvae of the first and second generation, it was
found that leaf-feeding resistance during the first generation was not sig
nificantly correlated with that of the second generation. Some inbred lines
showing resistance to leaf feeding were highly susceptible to the second
generation. Reports on various facets of breeding for resistance and toler
ance to both the first and second generation were made by Burditt & Hold
away (37), Chiang & Holdaway (43), Dicke (56, 57), Dicke & Guthrie
(58), Dicke et al. (59), Dicke & Penny (60), Everly (63), Guthrie et al.
(71), Guthrie & Stringfield (72, 73), Horber (78), Patch et al. (113),
and Thomas et al. (143).
Studies to determine the number and location of genes or genetic
factors on chromosomes have been made by several investigators. Ibrahim
(84), using chromosomal interchanges, concluded that leaf-feeding resist
ance factors differentiating the inbred line A411 from the susceptible line
A344 are associated with one gene on the long arm of chromosome 3, one
gene on the long arm of chromosome 4, and probably another on the long
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arm of chromosome 5. Tests of chromosomal interchange lines also indi
cated resistance factors other than those carried by A411. Working with
first generation leaf feeding resistance in F3 and backcross progenies of
susceptible X resistant (M14 X MSl), Ibrahim determined that segrega
tion of genes at three or more loci was indicated. Similar tests with the
susceptible X resistant cross (B14 X N32), indicated one or two gene
pairs for resistance [Penny & Dicke (118)].
In two susceptible X resistant crosses, M14 X gl7v17 and WF9 X gY7V17
estimates in F2 and backcross progenies showed that resistance differences
were conditioned by segregation of genes at a single locus. The resistance
gene was linked with the gl1vl1 genes of the resistant parent with cross-over
frequencies of 31 to 37 per cent [Penny & Dicke (119)].
Fleming et al. (69) concluded from inheritance studies that relatively
few major genes control resistance to leaf feeding and overall plant dam
age. Segregation was explained on the basis of two pairs of major genes,
or equivalents, for overall damage. Backcrossing was suggested as a method
of adding resistance to otherwise desirable inbred lines. Their results in
dicated that hybrid vigor may influence the amount of resistance.
The nature of host-plant resistance and nutritional facets have been
under investigation over a period of years. Growth responses of larvae
reared on different plant parts of single crosses A X Tr (susceptible) and
R4 X By (resistant) were studied by Bottger (32). Leaves of A X Tr were
more satisfactory for the growth of larvae than R4 X By. Sweet corn ker
nels satisfied the nutritive requirements better than any other material tested.
Comparatively high survival was obtained on green beans, peas, and lettuce.
The sugar and protein content of leaves and internodes of corn plants
and their effect on larval establishment, growth, and survival were re
ported on by Bottger (34). Leaves were relatively high in protein. Larvae
reared on them showed high survival but low weight. Internodes were high
in sugar and low in protein and showed low survival of larvae but relatively
high weight. Detrimental effects were observed when reducing sugar was
deficient, even in the presence of other sugars.
Mortality of newly hatched larvae was higher and development slower
on (R4 X By) leaves than on susceptible (WF9 X 187) [Beck & Lilly
(22)]. Supplements of glucose in young plants improved survival and
growth of young larvae fed on these plants.
Formulations of synthetic media to approximate the chemical compo
sition of corn were tested for growth response of larvae by Bottger (33).
Casein was found to be superior to zein as a source of protein, and peptone
stimulated feeding and growth of larvae. A 2: 1 ratio of glucose to sucrose
satisfied the carbohydrate requirements. A nutritional value of vitamins
A, B, and E was indicated. Rearings were successful through all stages.
An improved diet suspended in agar was developed by Beck et al.
(23). An important requirement for optimum growth of larvae designated
as "corn leaf factor," was found in lyophilized corn leaves. A mixture of
ten B vitamins was not adequate in replacing brewer's yeast, and choline
was an essential additive. To control contamination of the media, methyl
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parahydroxybenzoate (Nipagin M) and n-butylparahydroxybenzoate
(Butoben) were used. Aseptic and more precise rearing methods with arti
ficial media were developed by Beck & Stauffer (26). A great deal of re
search by Stanley D. Beck and his associates of the University of Wis
consin, who used these techniques, was centered around identifying the
chemical nature of resistance and the nutritional facets associated with it.
By their incorporation of substances fractionated from corn plants in asep
tic media, they obtained growth-inhibiting reactions in bioassay. They
isolated three fractions which were detected to be biologically active in
reducing the rate of larval growth. These substances were designated re
sistant factors A, B, and C (RFA, RFB, and RFC). RFA and RFC
were determined to be closely related substances and of most importance
in inhibiting growth of larvae. Substance RFA was isolated in pure crys-'
talline form and characterized as 6-methoxybenzoxazolinone. Laboratory
synthesis was accomplished and a quantitative method was developed)
for measuring its concentration in preparations. Other investigators, par
ticularly in Finland, characterized 6-methoxybenzoxazolinone at about th�
same time in connection with disease resistance [Beck (17, 18); Beck &
Hanec (20); Beck & Smissman (24, 25); Loomis et aZ. (92); Smissmanl
et aZ. (135)]. The role of 6-methoxybenzoxazolinone and benzoxazolinone
have been investigated in wheat, rye, and corn for their inhibitory effect�
on disease pathogens by Virtanen (150). He found that a precursor gluco
side was originally present in plants and that the formation of benzoxa.,
zolinone and 6-methoxybenzoxazolinone appeared to result from a com
plex enzymatic action in the crushed plant material. The precursor gluco-)
sides did not show an inhibitory effect on pathogens but the aglucones
formed showed antifungal activity. The possibility that RFA might be
produced in the intestinal tract of the larvae was suggested.
In tests with inbred lines and commercial and experimental hybrids,
Huber & Stringfield (81) showed a significant positive correlation between
resistance to the European corn borer and the corn leaf aphid, Rhopalo
siphum maidis (Fitch). Guthrie & Walter (74) in a five-year study of
inbred lines of sweet corn developed for resistance to the corn earworm,
Heliothis zea (Boddie), found that resistance to both insects occurred
in some lines but was not consistently correlated.
Sorghum is seldom infested by the European corn borer in the vegeta
tive or whorl stage of growth. In years of high populations, sorghum in the
blossoming stage is attractive to second-generation moths. The young
larvae primarily feed on the florets and developing grain, and later stages
invade the stem mainly in the peduncle area. Tests of a series of varieties
and hybrids representing a wide range of germ plasm have shown that,
in general, Milo types are susceptible and Kafir types resistant to peduncle
invasion, whereas crosses of these types range intermediate in resistance
[Hodgson (77); Painter & Weibel (107); unpublished data, U. S. De
partment of Agriculture and Iowa State University, Department of Science
and Technology].
The association between European corn borer infestation and stalk,

DEVELOPMENTS IN CORN BORER RESEARCH

169

shank, and ear rots was studied by Christensen & Schneider (46). Species
of Fusarium were the most common pathogens isolated from infested
shanks, stalks, and ears. In their analysis, the feeding activities and move·
ment of larvae on the plant resulted in entry points for fungi and pro·
vided a favorable medium for increase of invading or.ganisms, thereby
making the tissues more subject to attack. Pepper & Haeusler (122) ob
served that smut was reduced in early sweet corn when insecticides were
applied for corn borer control.
CULTURAL PRACTICES
Reduction of the population by means of cultural practices and me·
chanical devices received a great deal of attention in the period 1920 to
1930. The general practice in the Eastern States and Great Lakes area of
harvesting the corn crop by cutting and ensiling, or shocking and husk
ing later, thus disposing of the infested stover by feeding to livestock,
encouraged research on clean-surface culture. It was demonstrated that a
high percentage of larvae perished under clean-plowing practices, ensiling,
shredding stover, and stalk disposal in feed lots.
Implements were improved and devices were developed that were de·
signed to eliminate as much of the population as possible between ma
turity of the crop and the time of soil preparation the following spring
[Caffrey & Worthley (39); Huber et al. (80); Reed et al. (129);
Worthley & Caffrey (153)].
To a large extent this population-reduction method of control lost
its practical application as the insect established itself in the central
Corn Belt. Growers employing the prevailing practices in this region leave
most of the corn debris on the surface when the corn is followed by small·
grain crops. However, present·day cultural and mechanical harvesting
practices are responsible for high rates of larval mortality. Bigger & Petty
(29), in a lO-year study, found about 95 per cent reduction of popula
tion through mechanical picking, pasturing stalk fields, and spring seed·
bed preparation.
LIGHT TRAPS

Light traps, of various types and with different light sources, to at
tract moths, have commonly been used to obtain information on seasonal
abundance. Electrocutor types have been investigated for possible effects
of reducing infestations. Hervey & Palm (75), using Mazda bulbs, were
not able to show population reduction. Ficht & Heinton (67, 68) re·
ported results showing that the ultraviolet band of the spectrum was most
attractive. The attractive range was between 3200A and 3987A. Attrac·
tion was increased when traps were placed over corn attractive for ovi·
position. Taylor & Deay (142) confirmed the ultraviolet range of maxi·
mum attraction. They obtained a substantial reduction of first-generation
borer infestation in the area of an electrocutor light trap in early planted
sweet corn, but heavy oviposition and infestation occurred in a second
generation test.
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IONIZING RADIATION

The use of ionizing radiation to induce sterility in insects, which
has occupied the attention of entomologists in recent years, was investi
gated by Walker ( 15 1 ) as a possible means of managing Corn borer popu
lations. He learned that exposure of one-day-old male moths to 32,OOOr
of x-rays resulted in a 1 per cent egg hatch when these males were mated
to untreated females. The survival of the irradiated compared favorably
with untreated males under laboratory conditions. This exploratory experi
ment indicated that this method of control was worthy of additional in
vestigation.
Research on the biology of this insect and investigations of biological
control factors, such as development of resistant varieties, ionizing radia
tion, chemically induced sterility, and sex attractants, may lead to the
eventual management of this pest and the complete elimination of chemi
cal control methods. Although the research on this insect is extensive and
detailed, much remains to be accomplished.
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